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REVIEW

Clinical application of hepatic CT perfusion
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Abstract

Complicated changes occur in hemodynamics of
hepatic artery and vein, and portal vein under various
kinds of pathologic status because of distinct double
hepatic blood supply. This article reviews the clinical
application of hepatic computed tomography perfusion
in some liver diseases.
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INTRODUCTION

Since Miles ef o/ first described liver perfusion computed
tomography (CT) imaging (CTP). It has been generally
used with the development of imaging techniques and
post-processing software. People are no longer satisfied
with the diagnosis of diseases due its functional imaging
features. Demands of therapeutic effect evaluation,
prognosis analysis, ez, are rapidly increasing,

PERFUSION PARAMETERS OF NORMAL
LIVER

There are some disagreements in normal liver perfusion
parameters from different sources due to different
choices of computational model and people (Table 1).
However, they are all verged about 1/4-1/3 as the ratio
of HAP/PVP, in rough approximation of the ratio
of blood supply from hepatic artery and portal vein.
Pseudo-color images can also be obtained from CT
workstation (Figure 1).

PERFUSION IMAGING OF CHRONIC
LIVER DISEASES

Chronic liver diseases include chronic hepatitis, liver
fibrosis and cirrhosis. Previous studies used liver biopsy
as gold standard to assess the degree of liver cirrhosis'®”.
CTP can show pathological changes in the liver before
cirrhosis, even at the early stage of fibrosis, and it can
make non-invasive assessment of the degree of chronic
liver disease (Table 2).

Guan ef a/” induced liver diffuse lesions in rats
with diethylnitrosamine. They divided the processes of
hepatic diffuse lesions into three stages of hepatitis,
hepatic fibrosis, and cirrhosis. In the test group, hepatic
arterial perfusion index (HPI) tended to increase
gradually, mean transit time (MTT) prolonged obviously,
hepatic blood volume (HBV) and hepatic blood flow
(HBF) decreased at the same time. The results are
consistent with the gradually increased portal vein
pressure due to pathological changes.

Van Beers ¢ al™ reported that the total liver
perfusion (TLP) is decreased in patients with cirrhosis
and non-cirrhotic chronic liver disease, while HPI and
MTT ate increased. The severity of liver disease, which
was categorized into five classes (normal, non-cirrhotic
liver disease, Child A, Child B, Child C), was correlated
significantly with TLP, HPI, and MTT. The best cutoff
point to differentiate patients with cirrhosis from those
without cirthosis was considered a MTT of 22.6 s, with a
sensitivity of 81% and a specificity of 81%, respectively.

Hashimoto ¢ a/* reported that HBF decreases with
the severity of chronic liver disease. The HPI of patients
without liver disease was significantly lower than that
of those with Child B and C liver disease. However, the
HBV and MTT did not show any correlation between
the groups. At the same time, the HPI was correlated
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Sources (1) HAP PVP HPI HBF HBV MTT
Miles et al (5) 0.17 0.34 32%

Blomley et al” 0.19! 0.93

Weidekamm et al'¥ (24) 0.2+0.08 1.02+0.35

Zhou et al® (4) 0.17 £ 0.08 0.9 +0.04 16 £16% 106.24 + 54.53 20.24 +8.26 15.06 + 8.94
Hashimoto et al'” (10) 184 £5.6% 103.9+18 12.5£2.0 11.1£1.6

'n =31, *n = 19; HAP: Hepatic arterial perfusion (mL/min per millilitre); PVP: Portal vein perfusion (mL/min per millilitre); HPI: Hepatic arterial perfusion
index (%); HBF: Hepatic blood flow (mL/min per 100 g); HBV: Hepatic blood volume (mL/100 g); MTT: Mean transit time (s).

Liver disease Sources Object n HAP PVP HPI HBF HBV MTT
Chronic Guan et al” Rat 14 1 | | 1
Liver Van Beers et al® Patient 34 1 1
Disease Hashimoto ef al® Patient 38 1
Primary Zhou et al”® Patient 62 T 1 1
Hepatic Tsushima et al"" Patient 11 T
Carcinoma Komemushi et al" Patient 37 7 1

Sahani et al™ Patient 25 il il 1
Liver Miles et al™ Patient 4 1 1
Metastatic Tsushima et al™ Patient 17 T
Disease Leggett et al"” Patient 20 T

Shi et al™ Rat 19 1 !

1: Increased; |: Decreased.

significantly with the degree of fibrosis.

Different study parameters may have a certain
discrepancy. Selection of patients, scan parameters and
other factors may cause inconsistency.

Li et a/” induced early, intermediate, and advanced
stages of liver cirrhosis in rats, while healthy rats
received CT hepatic perfusion. At the same time, free
portal pressure (FPP) measured with a multiplying
channel instrument was closely related with portal vein
pressure (PVP), suggesting that CT perfusion is a new
non-invasive and efficient modality for the assessment
of portal pressure in patients with liver cirrhosis at
various stages.

PERFUSION IMAGING IN DETECTING

PRIMARY HEPATIC CARCINOMA

CT angiography (CTA) and CT arterial portography
(CTAP) can be used to detect the blood flow of hepatic
artery and portal vein to study the changes in HCC
hemodynamics. Tajima e# al" used CTA and CTAP to
detect hepatic nodus confirmed by biopsy. By comparing
the ratio of blood vessels in different degrees of
dysplasia nodus, HCC and liver parenchyma, they found
that the blood flow in artery is increased while that in
portal vein is decreased in the nodus. The CTP has
gradually substituted the CTA and CTAP in the study of
HCC hemodynamics (Figure 2).

Miles e# al” reported that HAP is obviously increased in
perimeter of liver tumors, but decreased in the center zone
of necrosis. Zhou ¢ al” showed that the HBF and HPI are
higher in primary hepatic carcinoma than in normal liver.

The HAP, acquired by analog computation using HBF
and HPI, is also higher in primary hepatic carcinoma than
in normal liver. Tsushima e# a/'" showed that the HAP is
significantly increased in HCC (0.94 £ 0.26 mL/min per
millilitre). Analysis of region of interest (ROI) showed no
perfusion of portal vein in the tumor. After transcatheter
arterial embolization (TAE), arterial perfusion of tumors
was significantly decreased. Komemushi ez a/'? obtained the
pure arterial perfusion of tumor and liver parenchyma by
hepatic arteriography, and found that increased arterial BF
and BV in tumors are significantly tumors are significantly
correlated with rich blood supply in the tumor, revealing
that blood-supply in primary hepatic carcinoma is mainly
provided by hepatic artery (Table 2).

Sahani ez a/'"” studied perfusion changes in
progressive HCC and background liver tissue,
showing that the HBF, HBV and permeability-surface
area product (PS) are higher in HCC tissue than in
background liver tissue, while MTT is decreased. No
significant difference was observed in tumor perfusion
in the presence and absence of portal vein invasion,
confirming that blood supply of primary hepatic
carcinoma is mainly provided by hepatic artery.

Changes in perfusion parameters are valuable in
qualitative and differential diagnosis of primary hepatic
carcinoma. CTP can detect the abnormality of liver
petfusion before morphologic change occurs. Fournier
et al'"" induced primary hepatic carcinoma in a rat model
by chemistry, and petformed CTP after 11 and 18 wk,
respectively, showing that the induced hepatic carcinoma
has a high arterial blood flow and a low portal blood flow,
with a sensitivity of 87% and a specificity of 80% at week
18, a sensitivity of 86% and a specificity of 65% at week
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Figure 1 Normal liver perfusion image. A: Selection of ROI at aorta, portal vein and liver; B: Time-density curve (TDC) for ROI (up left: aorta; up right: portal vein;
down left: liver); C: Pseudo-color image of HBF; D: Pseudo-color image of HPI.

Figure 2 Liver perfusion image of primary hepatic carcinoma at right posterior lobe. A: CT plain image with ROI; B: CT enhanced image of portal vein phase; C:
Pseudo-color image of HBF; D: Pseudo-color image of HPI.

11, respectively. The data indicate that CTP can detect tissues with the highest malignant grade can be taken
hepatic carcinoma at its eatly stage. by biopsy under CT guidance, thus avoiding errors of
In addition, CTP can evaluate tumor 7 vive. Tumor grading occurred in selection of biopsy region.
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PERFUSION IMAGING FOR METASTATIC
DISEASE

Diagnosis of liver metastatic disease is very important
for its staging, prognosis and treatment.

CT perfusion imaging can show the increased arterial
perfusion in patients with liver metastatic disease with the
slope-ratio analytic methods”. Tsushima ez a/'"! showed
that HAP of liver metastasis from colon carcinoma is 0.67
1 0.33 mL/min per millilitre, while that of metastasis from
other carcinomas is fluctuant. In a study by Shi e a/'”,
20 patients with liver metastatic tumors received CTAP
via SMA and multi-slice spiral CT perfusion imaging,
and found that no tumor vessel can be found in the
lesions at portal venous phase of SMA-digital subtraction
angiography (DSA). The BE, BV and PS in portal vein in
metastatic lesions were lower than those in normal liver
tissues, showing that portal vein is not involved in blood
supply of liver metastatic tumors (Table 2).

Leggett ef al'® also reported that HAP is increased
(> 0.25 mL/min per millilitre) in patients with overt
colorectal metastasis examined by CTP with slope-ratio
analytic methods. PVP showed no statistical variance.
However, PVP was decreased in 3 patients as metastasis
progressed, indicating that the threshold value of HAP (>
0.25 mL/min per millilitre) can be used to diagnose occult
metastasis with a sensitivity of 82%, and no metastasis
with a sensitivity of 38%, respectively. Decreased PVP
may prognosticate the progression of disease.

Routine CT and MRI are insensitive to occult and
eatly stage hepatic micro metastasis of tumors. Although
there is no apparent abnormality in morphology, CTP
can display changes in hemodynamics through its
functional imaging. Both of increased HAP and HPI can
declare the possibility of liver micro metastasis. Cuenod
et al"" used the deconvolution method to study liver
hemodynamic changes caused by occult hepatic micro
metastasis in rat, and found micro metastases in normal
liver leads to a 34% dectease in portal blood flow and
a 25% increase in M'T'T, suggesting that resistance is
increased in sinusoidal capillaries. Shi ez a/"™ reported
that HAP is higher and PVP is lower in rats with micro
metastasis.

PERFUSION IMAGING OF HEPATIC
HEMANGIOMA

Hemangioma is one of the common benign liver
tumors; however, it is sometimes misdiagnosed as a
malignant tumor.

Wang ¢ al™” used CTP to discriminate liver carcinoma
and hemangioma and showed that the HAP in center
and edge of liver carcinoma is 0.70 £ 0.23 mL/min
per millilitre and 0.39 £ 0.22 mL/min per millilitre,
respectively, which are significantly higher than those in
normal liver. In addition, the HAP in center and edge of
hemangioma is 0.14 £ 0.09 mL/min per millilitre and 0.50
+ 0.21 mL/min per millilitre, respectively, suggesting
that comparison between the HAP in center and edge

of liver carcinoma and hemangiom is important in
discriminating liver carcinoma and hemangioma.

PERFUSION IMAGING IN LIVER
TRANSPLANTATION

It is very important to evaluate non-invasive liver
perfusion after liver transplantation. CTP can monitor
the tendency of hemodynamic changes in portal vein
and hepatic artery, contributing to the early diagnosis of
blood vessel complications after transplantation.

Huang ez al™ detected perfusion parameters in
9 patients after liver transplantation for end stage
liver disease, and found that the PVP in transplanted
and control groups is 1.5763 = 0.4540 mL/min per
millilitre and 1.1885  0.3899 mL/min per millilitre,
respectively, while the TLP is 1.9594 + 0.5727 mL/min
pet millilitre and 1.4712 £ 0.4451 mL/min per millilitre,
respectively. The PVP and TLP in transplanted group
was significantly increased (P = 0.044 and 0.036). No
significant deviation was found in HAP and HPIL.
However, different data have also been reportedm. HAP
and HPI in transplanted and control group were 0.16
mL/min per millilitre, 0.25 mL/min per millilitre and
0.12, 0.16, respectively. Both parameters had a statistical
significance. Huang ez al™ hold that it is related to
the selection of patients, and examination time after
transplantation, efe. Therefore, hemodynamic change
after transplantation is a dynamic process, and different
patients have different characteristics of hemodynamics.

APPLICATION OF CTP IN TREATMENT

CTP also plays an important role in therapeutic effect
evaluation of liver diseases. Weidekamm ¢z a/” determined
the perfusion parameters of liver parenchyma with
dynamic single-section CT' in patients with liver cirrhosis
before and after transjugular intrahepatic portosystemic
shunt (TIPS) and found that TIPS significantly increases
HAP and TLP, but does not increase PVP.

Li et al™ evaluated the changes in hepatic perfusion
after interventional obliteration in patients with cirrhosis
and portal hypertension using spiral CT perfusion
imaging, demonstrating that partial spleen embolization
(PSE) only increases HAP, while PSE in combination
with percutaneous transhepatic obliteration (PTO)
significantly increase HAP and TLP.

Tsushima ez 2/ observed hemodynamic changes
in hepatic parenchyma induced by transcatheter arterial
embolization (TAE) for hepatocellular carcinoma in 22
patients. The HAP was increased 2-6 d after TAE (0.146
1 0.073 mL/min per millilitre, P < 0.0002) compated with
that before TAE (0.064 £ 0.039 mI./min per millilitre),
but was decreased one month after TAE (0.086 £ 0.038
mL/min per millilitre). The PVP was decreased 2-6 d
after TAE (0.541 £ 0.180 mL/min per millilitre, P < 0.001)
compared with that before TAE (0.733 + 0.263 mI./min
per millilitre) and remained almost unchanged one
month after TAE (0.651 + 0.214 mL/min per millilitre),
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suggesting that such perfusion changes are due to acute
inflammatory responses.

Kan et a/" quantified tumor perfusion in rats after
TAE, and found that functional CT can detect changes
in tumor perfusion after TAE, and MTT is increased
because of obstruction of tumor vessels and reduced
BF after TAE. TAE-associated hypoxia stimulates
tumor angiogenesis and increases vascular permeability.
Changes in permeability-surface area products are
similar to those in BE, suggesting that measurement of
tumor permeability after TAE is an important means for
assessing the therapeutic effect and tumor angiogenic
response that may help design a novel antivascular
therapy that combines TAE and antiangiogenic therapy.

In summary, liver CT perfusion imaging has opened up
a new area for its clinical application. One single CT' scan
can provide both morphologic and functional information,
so that clinicians can detect the disease before morphological
changes and evaluate the effect of treatment.

Multi-slice CT has a high time and spatial resolution
for the measurement of perfusion. As an effective
non-invasive method, CT perfusion imaging is safe,
reproducible, easy to operate, etc. Whole liver perfusion
will come true due to the development of multi-slice
CT. We can get complete perfusion parameters of the
entire liver. Therefore, CT perfusion imaging will be
increasingly used in clinical practice.
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